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Introduction
In the last two decades, N-heterocyclic carbenes NHC have increasingly become a serious alternative to phosphanes as ligands in homogenous catalysis [1] . Although, this particular class of carbenes has been known longer than Schrock carbenes [2] , in fact they were first synthesised as transition metal complexes by Öfele [3] and Wanzlick [4] in 1968, they only became popular after the isolation of the first stable NHC by Arduengo in 1991 [5] . It may be considered irony that the widespread use of NHC in transition metal chemistry is strongly connected to discovery of the silver carbene transfer route by Lin [6] . It is this variant of the original Öfele and Wanzlick protocols that opened the door to functionalisation of NHC, when the reactivity of the functional group prevents the isolation of the free carbene.
Important functionalities introduced through the wingtip groups include chirality [7, 8] , phosphanes [9, 10] , amines [11, 12] , aryl-and alkoxides [13] , carboxylic acids, esters and amides [14] [15] [16] . Often, anionic functional groups provide anchor units that bind strongly to the metal. An enolisable ketone is an intermediate choice, since it can but does not have to provide an anionic auxiliary ligand [17] . Carboxylic acids and carboxylic acid amides are used to influence the properties of the corresponding transition metal carbene complexes through supramolecular hydrogen-bonding patterns [18, 19] . Functionalisation can also be introduced through the backbone by annelation [20, 21] or as chirality [22] or even as a functional group [23] .
Our interest lies in the combination of chirality with an anionic anchoring group, e.g. an alkoxide, amide or pendant carboxylate. Thus, the anionic anchoring group can form a metallacycle locking the chirality in the NHC's sidechain in space and defining the chirality in the catalyst metal's coordination sphere. An elegant way to introduce chirality and an additional functional group simultaneously is through the incorporation of an amino acid into the ligand design [24] [25] [26] .
We have recently introduced a method to synthesise chiral, zwitterionic imidazolium compounds from alanine and phenylalanine [27] . Now, we want to show that this methodology is universal to all non-functionalised, proteinogenic amino acids.
Experimental Procedure
NMR spectra were recorded on a multinuclear FT NMR spectrometer ARX300 (Bruker) at 300. 
2.2.
L-valine (5.86 g, 50 mmol) were reacted in water with 40% glyoxal (w/w in water) (3.36 g, 25 mmol) and 37% formaldehyde (w/w in water) (2 g, 25 mmol) at 95°C for 3 h. The water was removed in vacuo and the product precipitated with acetone. A mixture of the product with leucine was obtained. Recrystallisation from water yields 6.49 g (54%) of the product. 
2.3.
L-Isoleucine (6.56 g, 50 mmol) were reacted with 40% glyoxal (w/w in water) (3.36 g, 25 mmol) and 37% formaldehyde (w/w in water) (2 g, 25 mM) at 95°C for 3 h. The water was removed in vacuo and the product precipitated with acetone. A mixture of the product with isoleucine was obtained. Recrystallisation from water yields 6.81 g (57%) of the product. 
Results and Discussion
We have recently published a procedure for the synthesis of chiral, zwitterionic imidazolium compounds using the proteinogenic amino acids glycine (achiral), alanine and phenylalanine as starting materials [27] . We found that the solid state structure of these zwitterionic compounds is dominated by a supramolecular chain motive formed between the COOH and COO -termini of the imidazole sidechains. The steric bulk of the proteinogenic acid sidechain results in a weakening of supramolecular interactions in the other two dimensions.
We decided to pursue the matter by establishing whether the protocol is a general method for the synthesis of such chiral imidazolium compounds. Our focus was on the amino acids leucine, isoleucine and valine, the other three proteinogenic amino acids, besides the three from the previous study, without functional groups in the sidechain.
When we react leucine, isoleucine or valine with glyoxal and formaldehyde in water for up to 3 hours at 95°C, the intended target molecules are formed in reasonable yields (42 to 57%), but always alongside a significant amount of unreacted amino acid (see Scheme 1). That amino acid needs to be removed by recrystallisation from water. Prolonged reaction times lead to severe darkening of the reaction mixture (brown colouration) accompanied by increasing complications in the isolation and purification of the product. It is therefore better to terminate the reaction after 3 h at the latest. Attempts to conduct the reaction at lower temperatures or in a different solvent (ethanol, methanol) were unsuccessful and led to the recovery of the amino acid, even after severe browning.
All six zwitterionic compounds, the three from the previous study and the three of the present study, are soluble in water and dimethyl sulfoxide, but insoluble in all other common organic solvents including ethanol, methanol and acetone. This is in keeping with the established solid state structure of the compound class. A very polar solvent like water or DMSO is required to break up the COO--HOOC hydrogen bond of the supramolecular chain motif.
The IR spectra of all three compounds show the characteristic band for the N-C-COO sequence at 2129 (1), 2109 (2) and 2112 (3) cm -1 , respectively. The carbonyl Preparation of (S,S)-1(1-carboxy-3-methylbutyl)-3-(1-carboxylate-3-methylbutyl)imidazolium 1 Preparation of (S,S)-1-(1-carboxy-2-methylpropyl)-3-(1carboxylate-2-methylpropyl)imidazolium 2 Preparation of (S,S)-1-(1-carboxy-2-methylbutyl)-3-(1-carboxylate-2-methylbutyl)imidazolium 3 bands were detected at 1717 (1), 1684 (2) and 1727 (3) with a further COO -band at 1623 (1), 1613 (2) and 1610 (3) cm -1 , respectively. A consistent relation between the steric requirement of the amino acid sidechain and the wave number of the accompanying IR band could not be detected. This is consistent with the findings of the previous series of these compounds for which structural data are available [27] .
The 1 H-NMR spectrum can be used to evaluate the acidity of the H 2 -proton [20] and here, the signals for the three compounds 1-3 are very similar (8.86 (1), 8.98 (2) and 8.86 (3), respectively) indicating the near identical electronic influence of the three alkyl sidechains on the central imidazolium ring system. In the previous series only the phenylalanine derivative deviates with a value of 9.30 ppm, as expected for a somewhat electron withdrawing aryl group.
Within the 13 C-NMR spectrum, we will look at the C 2 -carbon atom which should be a mirror image of the respective 1 H-NMR signal and also at the C=O carbonyl carbon atom. (2) and 137.38 (3). We cannot find an electronic influence of the sidechain on the C 2 -signal in the 13 C-NMR spectrum. The C=O signal of the carboxylic acid units behaves somewhat differently. Although we rarely see two signals for these groups that could show two values, one for the protonated and one for the deprotonated species, the signal deviates considerably with the difference in sidechain. The phenylalanine derivative is furthest upfield with 168.57 ppm and 1 is furthest downfield with 177.47 ppm. However, there is no clear trend concerning the steric or electronic properties of the respective amino acids. Most C=O signals are found at 174-175 ppm with the sterically unencumbered glycine displaced upfield at 172.24 ppm. As we have seen, the aryl group and the hydrogen substituent both shift the signal upfield, but the downfield shift is realised by the sterically most demanding leucine, in opposite direction to the sterically cumbersome phenylalanine.
In a previous study, one of us (OK) has looked at the influence of the heteroaromatic ring system within homologous N-heterocyclic germylenes NHGe on the NMR-chemical shift of the alkyl sidechain [28] . The result was similarly inconclusive. Our present findings are in line with expectation in this regard.
Conclusion and Outlook
A drawback of these zwitterionic imidazolium compounds might be their intrinsic lack of an anion as the most common route to turn them into the corresponding carbene involves the reaction with silver(I) oxide to a silver(I) halide carbene complex [6] . We are presently developing a strategy to amend the existing protocols accordingly.
The synthesis, isolation and purification of these zwitterionic, chiral imidazolium compounds from proteinogenic amino acids with non-functionalised alkyl or aryl groups in the sidechain is straight forward. No significant influence of the sidechain on the electronic properties of the imidazolium compound could be observed and the steric influence follows the expected trends [27] . 
